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BUBBLER FOR CONSTANT VAPOR DELI VERY OF A SOLID

CHEM CAL BACKGROUND OF THE | NVENTION Field of the
invention This Invention relates to the providing of
organonetal | i c vapor for the manufacture of

sem conductors. 10 Prior Art For MOCVD grow h,
organonetal | i ¢ conpounds are the source nmaterials for

t he compound sem conduct or hndustry. The
organornetal l i ¢ conpounds that are typically used as
precursors for the chem cal vapor deposition include
trimethylai umnum (TMAI), trinmethyigallium (TM3,
triethylgallium (TEG, 15 trimethylantinony (TWMsSb),
dlnethyl hydra2|ne (DNHy) trinmethylindium(TM), and
CYRIPBEERY iR PSR ERT UF AFOMD GHEMICAL
vora [ vapor phase
deposition is prOV|ded in a bubbler and subjected to a
constant tenperature wherein a carrier 20 gas, such as
hydrogen or nitrogen, is introduced to transport the

C BATKGROUND OFI THE INVENTION vapor phase deposition
chanber. A good organonetal lic precursor delivery
techni que provides a gas streamw th a known, constant

cm(ggﬁhgm,@ngapunt of contai ned organci net allic. For
I organonetaill o conpounds, this is &ener al | ¥or the

aTbtsr Anvemtion r (iates etaorthe s ravidipg ah raanomeiglie
V ARMutRlre ¥f skinehbGStoRy. € fast enough to provide

near-saturation concentrations at nost reasonable flow
rates of crier gas. The term 'bubbler is used
ggﬁ FA&aIIy in the C/D industry to refer to any
er for a precursor utilized for delivery of a
c Eor MEC\Yagrawdh, orgaadmetaliiceompeynsaareitiam seurse saiedals for the

compound semiconductor industry. The organometallic compounds that are
typically used as precursors for the chemical vapor deposition include
trimethylaluminum (TMAI), trimethyigallium (TMG), triethylgallium (TEG),
trimethylantimony (TMSb), dimethyl hydrazine (DMHy), trimethylindium (TMI),
and cyclopetadienylmagnesium (Cp2Mg).

Typically, a volatile organometallic compound for vapor phase deposition is
provided in a bubbler and subjected to a constant temperature wherein a carrier
gas, such as hydrogen or nitrogen, is introduced to transport the compound and
deliver it to a vapor phase deposition chamber.

A good organometallic precursor delivery technique provides a gas stream with
a known, constant, controllable amount of contained organometallic. For liquid
organometallic compounds, this is generally a straightforward exercise since
mass transport and vaporization kinetics are fast enough to provide near-
saturation concentrations at most reasonable flow rates of camier gas. The
term “bubbler” is used generically in the CVD industry to refer to any container
for a precursor utiized for delivery of a camier gas saturated in the

aforementioned precursor.
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In the case of solid organonetallics, notably T™M,
obt ai ni ng consi stent delivery has proved to be an
ongoi ng problem In this case, vaporization kinetics
are slower and dependent on issues such as product

nor phol ogy, tenperature, gas contact tinme, and surface
area. Finely divided, irregularly shaped material with
5 a high surface area wl|l gvaporate faster than a

uni form dense, nore massive material. Mass transport
is also nore problematic. It is inportant to allow
sufficient contact tinme for the slower evaporation
process, and it Is inportant to keep the carrier gas
novi ng across all exposed surfaces at rates sufficient

U L SR Rhe s TR TN, BORIHHS Sin ket daiver
beibl preveidaRi bé ianEoraihg preblenea le tiis vage  vaporzatigrolingtics are

as. O her, factors, .such a [
gﬁsl%‘@' agﬁgeppa tt%hr'%ﬁuﬂﬁ *ﬁggﬁiﬁ‘m%o"rm @eg,asé?éenénotv\%e' g.as
t ]goﬁﬂ\éﬁljﬁne,r ard hmfa%w értvéar )Fiﬁeliy d}s/idndld ircdm!aylgsh'ane@ ewtedal with
0 carrier as Ssaturati on. al SO, e :
(& e sudecaazan el avapardie Gelan Bed & ) s k””gss“’?
f b alS OMals Qr-H8H6TESE Alido moke groblematiat Itis important to allow
near -saturation concentration In %SHB?Und

s enfficientioantaet tifes fardneraiwes ovaperation 2rogsse, angjbjs important to
IRk P chffe? Sk ot ol SANOPRisaY srfapssal rates suficient to
a ct ed er

y anu factors: = Red ' ogﬂ% toéel elin
s defiver éhex appropfiaterameuntiaf precurseripdhe ERRMPPHu oyeRYNeing.
fcgﬂ}léiﬂé&g it %cﬁfde%tﬁfcof-@@t fifk! ghdPthB @rés @kpostiitol the flowing

ce area particles are evaporated,
gaé.cQther fattops, stieh aisryessus ehargricas Bie Gimengasows through
apea ear |y i b itﬁeca t i rifete hhd ¢hanges in
@%R’ﬁ%ﬂﬁ’&c‘%&? Ia?U('ed‘l {"gat e grggs‘%}gart}ﬁ?l?ﬁ?sol id 9
pdegreefcatrint gas €atwnafien. i n pressure inside the bed
during operation. Gain growh effects due to the
aggl onerati on process which occur with the evaporation

aftds alsblhighly desiratle toharosidbiadcanstantiant! stabimdelijennotyvapor from
C Gl g aagad RfBor Be Ak s GABAToholaREA H Soipound

as saturatli on, ,
examontictor dedce anamsfacturen binstablevaperedelivesy rates for solid

but bed - phol h tq.f .f

apragnomeGlic pEcHSbp AR et L el WEfeedi: 27

sWr fmgﬂéa} o iwfl QUHECd Q?M?h@sdic?isth; phogress eondingausly due to

consunea. ererore, saturatl ory o C e .

oo epleinc 5 SoichASEABOh: Rl it Sl rices ar

i ”Crﬁﬁﬁgﬁﬁg phitbickhlly, oAlsingaapidordeaktion OB sudacchasea early in
e

over cohe af orenmenti oned probl ens and needs to
achithe lifelime ofdhe Bed.-ng goal s: Provide a stabl e,

Cg”%@h@eﬁ%{cﬂ%ﬁ% 4k % HiY éfosHIUT Rnédiid precursor bed.

conp on o e solid organornetaliic in the
bubliengea krepressarednside therbed, duringsaperati®n.on or

- sat ' trati :
o i St Sadts 8 T 154, BB lertiH nEOFRAnRAbeour with the
Pr eSsVap6rati6n Rl suliinativheof(iN8. sdfidomateria) along withvar eercurrent

of ter&%ni%ﬁ&ﬁ" ig Irwhcilcahs|‘edeposition occurs on solid precursor surfaces. At gas

saturation, evaporation and redeposition occur at the same rate but bed

d
h
P

morphology changes to favor lower surface area.
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Provi de fast response and fast re-establishment of a
stabl e, constant vapor delivery rate when operating
paranmeters are changed. 15 There are known genera
approaches to the delivery of vapors fromsolid
organonetal lica: 1) Solution TM: The drawbacks noted
in the industry when using solution TIVIIt include
entrai nment of aerosols of the solvent and

I nconsi stent and changi ng dglivery rates for total

I ndi um when using Tfv1ll/TEl. a) U S. Patent No.
5,232,869 (1993); as practiced by Epichem in this
case, a suspended liquid is used to overcone kinetic
and mass transport. Solid precursor dissolves into the
sohrent as it is depleted by evaporation to maintain

equidddpatnebesstAb ishonsr atbihecivailatie surfaed aner hedoniesseduced
b) U S Patent No. 5,602,227 (1996}: W di SSOlG}(ﬁ'gri n.

Rai s thesalidigresorsards eoasumeadsnt parefore, sptyrpliag carner gas
gengy; bGAGHD oeScuiSs indrBREAYG Snkikesy.
uni ??)@I rrtlhéggo Iiborg/é%(ﬂgaé@ ipgé gas c%g‘gtg ti?%rataﬂggl? : M
bubbl er. Strategies that have hitherto been enpl oyed

i pel. : ] t :

A5G e o388 P o R e e
Padeds toldehibvé 3de fRW(riPgals: The use of a bubbl er
incorporating a dip tube fitted with a fit distributor

at the end of the tube and with a reduced bubbl er
ga ?'P??\ﬁd’i\eb T %ﬁagllé lzg:ga(ﬁtl gggwa?rlﬁ(eqt gae_tmu substdnfially complete
at ent No. . | S n uses a
car !dieg\etlgragf theswiid Qrsammi%@c !%‘hﬂﬁﬁgkg m&aa%q of
sp! 'P%\ﬁiié@% M lor heishRPatitin Bom@ntratib® atABsEEsHM@n and
apluraltly of por es. .
reasonable operating parameters such as temperature, pressure, carrier gas
type (N2, Ha, etc.) and flow rate of the carier gas.
e Provide fast response and fast re-establishment of a stable, constant vapor

delivery rate when operating parameters are changed.

There are known general approaches to the delivery of vapors from solid
organometfallics:

1) Solution TMI: The drawbacks noted in the industry when using “solution
TMI” include entrainment of aerosols of the solvent and inconsistent and
changing delivery rates for total Indium when using TMI/TEI.

a) U.S. Patent No. 5,232,869 (1993): as practiced by Epichem. In this case,
a susperided liquid is used to overcome kinetic and mass transport.
Solid precursor dissolves into the solvent as it is depleted by evaporation
to maintain equilibrium conditions and consistent delivery rates.

b) U.S. Patent No. 5,502,227 (1996): TMI dissolved in Rgln, such as
triethylindium (TEI)
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d) U S Patent No.4,947,790 (1990): A carrier gas
flows in the direction of the gravitation force in the
foll ow ng sequence: through a thick gas inlet plate, a
powder solid bed, and a thin gas outlet plate. e) PCT
Patent Publication No. WO 99/28532 (1999): ultrasonic
vaporizer is used. f) U S. Patent No. 5,603, 169
(1997): The use of a bubbl er containing an exhaust
tube, a .conpressing plate &and a pair of porous thin
plates is described. g) U S. Published Patent
Application No. 2002/0078894 Al (2002). this bubbler
contains a netal sintered fitter rather than a
conventional dip tube. h) U S Patent No. 5,553,395

(1996): The use of a cone shaped (conlcal bub
d @} cArtkart generaliappeachiis a bubbleedesign f@\m #'ﬁ '15@40 ity of

cro l e Hﬁé ¥§M ﬁé\lré Nitherto been
di Vﬁ@gpaéﬂéﬁ@%s:?%& {Jnrgb"!ﬂb?ﬁégt r|10ne of the

pr eveamployad idelade: bed bubbl er desi gns have sol ved al |

t he pr obl ens of solid organonetallic delivery. None of

e i RO BB (1806 X1 Gcfof TR Mifed or dispersed

pro |ve rate wth a maxi num
pi ck- upitiwé “packing”sor mat er i aI until substantially
conplete depl eti on of the vapor source occurs over a

'} 020 B RS PRRTAY o 868 el indrporatng a
ef fici apttube fitted Bwith et frit alisftibuior abthes and aftthe tglaq! angd,with a

Jonst r abucadbiiict it at MebiEim Vordie AR 0 )

i n poor deI ivery efficien and wasting of val uabl e
or ga)od:S. Matent No.&ﬂﬁaAszQ%) :dANg Jesigbises a sagier gas flowing

repl ac | ° B&étab Hg&heﬁreﬁuic oA top of a
per cenﬁﬁ%&"ﬁ&&gﬂé% e at Fgﬁ (g'z%a{dga to producti or?

of subpatittomdeordaidmgasplurality ofposess i f undet ect ed duri ng
the deposition process. The present invention solves

h f I
the 4.0 ﬁ%&tmhﬁ §§g)" A géérggﬂ ?aé We@atih Ae diBetion of

In i

[ nvent| 0 |
conprlthesgrwdwoblfemefloﬁh@fmwmmﬁe@e@ Q?fﬁsaﬁa inet
inac dj&% CRitet @fg)rlsmg (a)

a bubb‘F‘%‘]’1 g%gn‘\ég?géhs,se ?haﬁg\lc}'l g;fgan i nlet and an

outlet (b) a means for providing an jnert rrier

conie)dP@H Patent iRubligation No. d')/oagﬂg%ﬁ@ “1899)'(%‘”@'9 y%y:nzer 2
vapori conpound and carder gas fromthe chanber
assenbl'y and conveying the corrpound to the chem cal

() éﬂ%ﬁ%ﬁ%%&gﬁiﬁéﬁi@ { TS of Abhisk conitfing an
chambey K a. SorRprRS&ifig Ipiate &iiagsail b porusthind plates is

vapor| ze | nt o
described.

g) U.S. Published Patent Application No. 2002/0078894 A1 (2002): this
bubbler contains a metal sintered filter rather than a conventional dip

tube.

h) U.S. Patent No. 5,553,395 (1996): The use of a cone shaped (conical)
bubbler is described in this patent.

i) Japanese Published Patent Application No0.2003/303772): This bubbler is
a solid organometallic compound packing container having a flow
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carrier gas. orientation. The chanber or chanbers
contain a solid or |iquid source of the conmpound. The
rati o between the | ength of the chanber or conbi ned

| ength of chanbers connected in series with respect to
the direction of flow of the carrier gas through the
chanber or chanbers and the average di aneter

equi valent of 5 the cross section of the chanber or
chanbers with respect to the direction of flow of the
carrier gas through the chanber or chanbers is not

| ess than about 6:1. O her enbodi nents of the

i nventi on enconpass details including | ength, 10

di aneter and orientation of the chanbers, conposition

of the_,co oun nd carder rticall
her ei ridl @&E’G NGRIP? ﬁr%sﬁ%gstr'rﬁ@h ba%scﬁ%tblqgﬁt ) dhaad
The Dr@wigeothe ddnfiaingr.! A The basic concept of a

carrier gas flow ng through a | ong, narrow col um

packed with the subjected solid material. Figure 1B: A
gas flow diagramfor two chanbers In series. Figure

1ano’r’hﬂ§€elyf nee &F 2 praviows!yf ascribédbiisbier desigres iave, solved all

e i st oSG BEE ftemeniood
dhGBEE é!gbi@h@tar@n‘éa@ﬂﬁlbebf Cd?éﬂ@iﬁﬁsa é\‘ﬂﬂ)rmneleh#drvhete with a
| arger I amet er

anber . hanbers are c EI

[ maxtmumsplokﬂm obprgcursgr mgjen@] urth g{hsgnjla y\cg@g% ﬁeple on of

o St Ui pptbop s, Tl bt
‘has a limited range of parameters where it operates most efficiently.
Breakthrough of non-saturated carmier gas occurs prematurely or gradually as
the solid substrate is depleted. Premature breakthrough results in poor delivery
efficiency and wasting of valuable organometallic product due to early removal
and replacement with a new bubbler. A slow drop-off in percent carrier gas
saturation can lead to production of sub-standard deposition layers if
undetected during the deposition process.

The present invention solves the aforesaid problems.

Summary of the Invention
In its primary embodiment, the present invention comprises a bubbler for

providing a vaporized compound in a chemical vapor deposition process
comprising: (a) a bubbler chamber assembly having an inlet and an outlet; (b) a
means for providing an inert carrier gas connected fo the inlet; (c) a means for
removing the vaporized compound and carrier gas from the chamber assembly
and conveying the compound to the chemical vapor deposition process
connected to the outlet; and (d) temperature control means in which the bubbler
chamber assembly is placed that causes the compound to vaporize into the

. carrier gas.

The bubbler chamber assembly comprises one chamber or two or more
chambers connected in series, all chambers being in substantially vertical
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Figure 5: A bubbler with three chanbers of the sane
di anmeter tubing: two straight tubing inlet and outl et
chanbers; and one U-tube chamber. Al 25 chanbers are
connected in series via reducing tubing. Figure 6:A
four chanber bubbler with a frit at the bottom of each
chanber. Figure 7:A four chanber bubbler with a gas
di spersing tube at the I |ig of each chanber. Figure
8: A helical cylinder in which gas flows downward

t hrough one side of the helix, connects to the second
side of the helix at the bottom of the bubbler, and
travels upward to the exit. The effective |length of

heddehtdtion et glﬁé}nﬁér gf Eﬁé{ﬁbﬂ%r&'ﬁt&n td S8R diRuly 86R86 of the

Cross-section one of the helical chanbers.  Figure
9:compolpils Theratio bebvaeanstbeilengtil ofitherchambeasios combined dength of

10; ' ile j ' | i
F o ool sefieR i He8b 44 L Yiq dFEABR o gew coftho gamier
5 gasttardugh tihe shamper on cbémbdmﬁ zslrm!vlieuata‘verageI diametar douivalent of
t hat t hy ough .a S N

s AP cnecsh of e, afiemBar o SETkre Y Pokesp, &gy grection of
PRV 6taHe dafienlghs tBrigh!the ehambert overtamitadry isaheidless than about
M| vapor until nost of the TM |oaded in the colum

vveﬁ"ﬂ-depl eted. (see Figure IA). Based on this
observation, the present invention 10 provides an

i nproved delivery device for a solid source (

s fihermembedimens| ef thesinyRntioh GBFPmPARS Lﬂfée"sa%@%gv, length,
| OffnatB} ShE ordhiziBR! of 18! HanitaRs, Giniisiti of ! sinipduP and
or nearosaturation concentration of ‘precursor vapor in

t lsamies gawallpf whichare hereingfler desegbed In drial- desi gn

overconmes the previously

Brief Description of The Drawings:
Figure 1A: The basic concept of a camrier gas flowing through a long, narrow

column packed with the subjected solid material.

Figure 1B: A gas flow diagram for two chambers in series.

Figure 1C: A gas flow diagram for four chambers in series.

Figure 2: A bubbler design with three chambers of different diameter sizes and
shapes: two smaller diameter inlet and outlet chambers; and one U-tube larger
diameter chamber. All chambers are connected in series via reducing tubing.
Figure 3: A bubbler with three 180°return bend radius elbows.

Figure 4: A multi-chamber bubbler with three 90° mitered elbows.

Figure 5: A bubbler with three chambers of the same diameter tubing: two
straight tubing inlet and outlet chambers; and one U-tube chamber. All
chambers are connécted in series via reducing tubing.

Figure 6: A four chamber bubbler wrth a frit at the bottom of each chamber.
Figure 7: A four chamber bubbler with a gas dispersing tube at the bottom
of each chamber.

Figure 8: A helical cylinder in which gas flows downward through one side of
the helix, connects to the second side of the helix at the bottom of the bubbler,
and travels upward to the exit. The effective length of helix is equal to or
greater than 6 times the average cross-section of one of the helical chambers.
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I's described heat and mass transport problens since it
al lows for maxi num contact of the carrier gas with the
solid material by mnimzing channeling of the gas

t hrough t he conmpound and by bei ng conducive to maxi mum
heat transfer through the chanber wall into the
conpound. Therefore, the bubbler can be used at | ower
pressures and higher carrier gas flow rates as
conpared to 20 conventional bubblers. The vapor
pressure of a chemcal is directly related to
tenperature. To keep a constant vapor pressure, the
bubblers in use are either imersed in a constant

t éﬁm i cust ommade
ﬁwgl Kh%ﬁ exc alr%éeé;s*%g stEg? I 1'D machi nes are
eﬁigum)wt An Epison €réfile sssagiated withTExanspla2i gur at i ons  of
.Chb S, ar mted.t.o.t ons of the
Blrenf ArcEsPh Proti® st BB kPR o g usi g a

S|ngle | ong straight tube the bubbler nay have to be
I ._mul tiple tube bending, or
tect ed together in series,

OFt V\)Hstfauri‘@fh‘é? ﬁéﬁéiﬁg hr é’d% thARBhed Bdbbl&@s&ﬂbbhﬂé@ above

may i nclude sone or of the features descrip

bleaead wrdbrt@mst!w!m@unhﬂ i) arovidegd &, stabin &%ﬁfé?ﬁ"m that was
S§MI R}a?%"'lﬁlﬂl Phost of the TRiIAbadddiik thé Tolumn was

|nert to t@e sol1d source contal ned therein. Stainless
sdepieteds (seprfigarer 88).beBased ontthissoksesyalignaithp present invention

< PO _
RPGidep B Bliel déiery doEdToF o solid BSre OBV st
outl et port for exiting the vapor saturated carder gas

n
£ T byl bbbl ol fles e, i ong B Ty liiaditSign that
aprovides lbedatyratios ooheahsaturdtioheonceantréation ofsnracmreqr vapor in the
either with r 10w th £ o T €fanC .
SEAFT 985l T, Tafolndpho Crilier dssian BFrRHRE el Bfeviously
TdE!Schbédé Heat ahdaedssr tramépdrh pratiemb esiace dh atiews Hor suardmum
% nga eenéa"t_l.grr é)asquH tthe S&IJ ma{serr]i%i By minimizing channeling of the
gas through the compound and by being conducive to maximum heat transfer
through the chamber wall into the compound. Therefore, the bubbler can be
used at lower pressures and higher carier gas flow rates as compared to
conventional bubblers.

]

The vapor pressure of a chemical is directly related to temperature. To keep a
constant vapor pressure, the bubblers in use are either immersed in a constant
temperature bath or are jacketed with a custom-made external heat exchanger.
Most of MOCVD machines are equipped with the first option. The
configurations of such bubblers are limited to the dimensions of the constant
temperature bath. Therefore, instead using a single long straight tube, the
bubbler may have to be fabricated with single or muitiple tube bending, or with a
bundle of tubes connected together in series, or with concentric tubes.

The bubbler design of the present invention provides continuous, stable delivery
rates of solid source material until the majority of the source material is
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The di anmeters or average di aneter equival ent of the
chanbers are in the 15range of fromabout 1.3 an. to
about 7.6 cm The chanbers are not restricted to
circular shape in their cross-sections. They can be
round, oval, square, rectangular, helical, or anything
el se known to one skilled in thatirt; The chanbers
may be equi pped with intern baf fl es or corrugations
to increase the effective path length. The chanbers
are connected in series and are in a substantially
vertical position, but preferably are positioned at

| east about 45 fromthe horizon |line. However, they
can al so be connected in a zig-zag pattern at an angle

as ;
ot 5HaT bR AT a4 (6 Yoma BFial K thi¥eatures descibed
sathglows snaller cross-sectional dianeters of the
chanbers, The bubbl er assen may C ri.se t r :
mot e Congiryction mataraly o Anyj %‘ﬁgb%nﬁ‘@ér@? ng%@[ %8&188& plastic, or
chanfieif, Whichds RidH ROtheaNe 866rce @BRtairdd hetaihe Stalfiless steel is
substanti al | y horizontal orient ah@cin hayaﬁ},@ve age
di amerefered beeausedtis astandard spegiicgiiionsn d% ed
aty, €310 b ?I onﬁa% %m?nl frnt Lﬁﬁigobéh@ﬂga§9éweﬂfahst outlet

the CORNEC ween e cha ers “of adj Oi ni (%
sequpart fon exiting ks vapor satucaieth satrier gaseaft Jith the solid

conneas: Al e ot il Bt fof RdgARa EompRid sBurce;
t ubeThe ihle¢ amdxbutist porteof dhe babbler cao heumtailed either with or

carri aturation conditions at the bubbl er tube
asseﬂ‘gf‘ '%cﬂﬁriet for as long as possible while there is

Org almerbhablbr 6arf 86MPHEE eitlﬁértds‘mﬁle bhémbeaesmumme chambers;
exa le, as illustrated in | e st, B?b bbl er of

hqelntqr@ﬂ g@m@gsv\,p ghe r‘f ﬁ/lclaﬂc AR Q different

contﬂm,u v HgRakagms € of 17C achi eves .a supply of
saturated carrier gas for over 95% of the tinme

EX rhm;ﬁmyeiemou averagerdiameiss sauivalent 1gf %%ﬁ@&e{%ﬂfe in the
the e ot dbdtt S Andy 3R0r, P00 0 vt co.

can mae xhambeos as @wkmestdcted tacirgular shapg.in fhelg cross-sections.
G Sp PN TP B oYY B ghbdt Toblonadl RRLBERor anybin i
of t hm\mhtmdimfsmed:mrthe‘_hrted chanbers nust be

ol 1T S i B3 e g BYHGRCH Binfihtons o
assejntease the effective path length.

e The chambers are connected in series and are in a substantially vertical
position, but preferably are positioned at least about 45° from the horizon
line. However, they can also be connected in a zig-zag pattem at an angle
of at least 45° from a horizontal line;

e The chambers can communicate using connectors that have same or
smaller cross-sectional diameters of the chambers.

e The bubbler assembly may comprise two or more chambers in series with
connectors between chambers in adjoining sequence comprising tubes of
substantially horizontal orientation having average diameters from about 1.3
cm fo about 7.6 cm connected at each end with the chambers in adjoining
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The bubbl er chanber assenbly may---conprise two or
nore chanbers connected in series with at | east one of
t he chanbers conprising the 20 annul ar space of
concentric chanbers; The bubbler can be enclosed in an
out si de contai ner equipped with inlet and outlet ports
for circulation of constant tenperature fluid; The

i ndi vi dual chanbers of the pubbler can be jacketed
with a heat exchanger; 25 *" The bubbl er can be used

wi th any conpound, liquid or solid, nononetallic or
non-organenetallic, so long as the conpound is capable
of vaporization under practical conditions. Possible
conpounds include the aforenentioned organonetal lic

co "E‘égﬁé’fﬁ:e. i WtineciSn BefivedndRE @RBMBEIS ¢f Aipdiing 3dquence and

including one or nore of: ttinmethylalumnum (I MS),

tri riehasyaldae connacsys Taay be beingiigreder raurded Btings;

tri t hyl ' T i i

(bwﬁj‘%, Hﬁ% Hﬁ&l Réi %ﬁ% %%‘% SUfY BdHEF gas basses from

cyclonpetubelite tiyé megh s auseriaCpiiviper tCardintaint eawiab gesisddiration
CBr4), Hafnjumt achl oride (Hf C * ; n .

((30 nﬁgh%aqg)agat%pi Qﬁb&erctph% ap§wﬁl¥foui1§¥ for @?ﬁéﬁg %% fﬁo;suble while

WI )théi'ﬁ ié’&g&h@ﬂe&dﬂi@tﬁﬁpétlhﬁ inliaerbabbler asseantile.r Eor §xa|mple. as

en the conpound is a,solid it m tise.parti S ..

of ditraiede rir‘gn xg sA| gw@blﬁrs %/fh Egggf'l"ﬁet@% Hﬁé(ege with

CON&R ' bha7hokighRies- ly of

cha\‘n@g‘?ﬁgﬁrddc{uhgqnggfg ?ﬂ?gﬁ@;ﬁ%%rlﬁ%@% r ovi %_ed gs:éz}u;tpy ©

pur j§ekated caier gas fprpveyHH’ theie fHigreds tiethy el in the

gr oyppRbr 9asses consisting of 10hydrogen, nitrogen and

the Inert gases (exanples are: argon, helium. Hydri n
i« {The ubblescandecaupnlied withsor witheutshgasdispgraing gevie gt the

R i s T
al i gembnpsugieasdiachit having a ¢ontrolled porosity {seef Figureo), opthie gas
car lsfye%ﬁ%' tube (see Figure 7);

¢ The total length of the chamber or connected chambers must be sufficient
for the carrier gas to be > 90% saturated with the compound at the outlet of
the bubbler chamber assembly;

e The bubbler chamber assembly may+<comprise two or more chambers
connected in series with at least one of the chambers comprising the
annular space of concentric chambers;

s The bubbler can be enclosed in an outside container equipped with inlet and
outlet ports for circulation of constant temperature fluid;

e The individual chambers of the bubbler can be jacketed with a heat
exchanger,

e The bubbler can be used with any compound, liquid or solid, organometallic
or non-organometallic, so long as the compound is capable of vaporization

~ under practical conditions. Possible compounds include the aforementioned
organometallic compounds, as well as non-organometallic compounds,
including one or more of: trimethylaluminum (TMAL), trimethyigaliium
(TMG), triethylgallium (TEG), trimethylantimony (TMSb), dimethy! hydrazine
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15 The conpound to be vaporized may conprise
particles of a solid m xed with packing. The packing
may conprise substantially spherical particles or

ot her -shapes inert to the conpound and carrier gas.
The packing may conprise stainless steel and/or glass
bal I s or other shapes. 20 The foll ow ng exanples are
given for illustrating the invention: Exanple 1
Trimethylindium (3209) was gharged into the bubbler of
Figure 2, and hydrogen was u.as the carder gas. The
conditions for this experinent were 300 sccm 25
hydrogen flow rate, controll ed downstream pressure of
225 Tom and a constant tenperature of 17C. An Epi son
tool was used to nonitor the TM concentrations in

e O e Lot 055 "
depl @arben t¥rabramiden{&Bse, Hafoiye trRshleROB G <.

i Epn fhe Bofibfnd i< g igull ui RowehBarich des il Drigpog up-flow
Testthropgbdinel chamber, orfehan#t®gs; Tar r (300 nbar)

e When the compound is a solid it may comprise particles of any size and
shape, so long as the particles may be conveniently loaded and packed into
the bubbler chamber or chambers through openings provided for that
purpose;

e The carrier gas may be selected from the group of gasses consisting of
hydrogen, nitrogen and the inert gases (examples are: argon, helium).
Hydrogen is the preferred carrier gas;

e The inside walls of the chamber or chambers may be corrugated or contain
baffles with the corrugations or baffles substantially aligned perpendicular to
the direction of flow of the carrier gas;

e The compound to be vaporized may comprise particles of a solid mixed with
packing. The packing may comprise substantially spherical particles or
other shapes inert to the compound and carrier gas. The packing may
comprise stainless steel and/or glass balls or other shapes.

The following examples are given for illustrating the invention:

Example 1
Trimethylindium (320g) was charged into the bubbler of Figure 2, and hydrogen

was used-as the camier gas. The conditions for this experiment were 300 sccm
hydrogen flow rate, controlled downstream pressure of 225 Torr, and a constant
temperature of 17°C. An Epison fool was used to monitor the TMI
concentrations in hydrogen. As shown on the Epison Profile of Fig. 9, the TMI
delivery rate was constant to at least 95% depletion of TMI charge.
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T =17 "3C 112 flow = 300 seem 10 Exanple 2

Tri met hyl i ndi um (320g) was charged into the bubbl er of
Figure 2, and hydrogen was used as the carder gas. The
conditions for this series of experinents were is 600,
700 and 100secm hydrogen flow rate, controlled
downstream pressure of 180 Tarr, and a constant
tenperature of 17C. An Epi son tool was used to nonitor
the TWO concentrations in hydrogen. As shown on the
Epi son Profile on Fog. 10, the TM delivery rate was
constant to at | east 92% depl etion of Wt charge. 20
Experi nental details:

Experimental details:
Bubbler of Figure 2

Fill Weight: 320 g TMIn
Length to Equivalent Diameter: 20
Total number of chambers: 3
Testing Conditions:
P = 225 Torr (300 mbar)
T=17°C
H, flow = 300 sccm

Example 2
Trimethylindium (320g) was charged into the bubbler of Figure 2, and hydrogen

was used as the carrier gas. The conditions for this series of experiments were
600, 700 and 100sccm hydrogen flow rate, controlied downstream pressure of
180 Torr, and a constant temperature of 17°C. An Epison tool was used to
monitor the TMI concentrations in hydrogen. As shown on the Epison Profile on
Fig. 10, the TMI delivery rate was constant to at least 92% depletion of TMI

charge.

Experimental details:
Bubbler of Figure 2

Fill Weight: 320 g TMin
Length to Equivalent Diameter: 20
Total number of chambers: 3
Testing Conditions:
P = 180 Torr (240 mbar)
T=17°C
H flow = 600, 750, 1000 scc
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Bubbl er of Figure 2 Fill Wight: 320 g Man Length to
Equi val ent D anmeter 20 25Total nunber of chanbers: 3
Testing Conditions: P = 180 Torr (240 nbar) Tralit 112
flaw = 600, 760, 1000 sec 12 Exanple 3

Tri met hyl i ndium (100g) was charged into a single
chanber bubbl er, and nitrogen was used as the carrier
gas. The conditions for this experinment were

12

Example 3
Trimethylindium (100g) was charged into a single chamber bubbler, and

nitrogen was used as the carrier gas. The conditions for this experiment were
250 SCCM nitrogen flow rate, controlled downstream pressure of 360 Torr, and
a constant temperature of 25°C. An Epison tool was used to monitor the ™I
concentrations in nitrogen. As shown on the Epison Profile of Fig. 11, the TMI
delivery rate fell off significantly at about 30% depletion of TMI charge.

Experimental details:
Bubbler of Figure 11 (Conventional cylinder)

Fill Weight: 100 g TMin
Length to Equivalent Diameter: 2.125
Total number of chambers: 1
Testing Conditions:
P = 360 Torr (480 mbar)
T=25°C
N> flow = 250 sccm

The above examples very convincingly illustrate that a bubbler having a ratio of
the length of the chamber or combined length of chambers, connected in series
with respect to the direction of flow of the carrier gas through the chamber or
chambers, and the average diameter equivalent of the cross section of the
chamber or chambers not less than about 6:1, achieves a delivery rate of
vaporized compound that is constant to an extent not possible when the ratio is

less than about 6:1.



250 SCCM nitrogen flow rate, controlled downstream
pressure of 360 Torr, and 5 a constant tenperature of
25C. An Epison tool was used to nonitor the T™M
concentrations In nitrogen. As shown on the Epison
Profile of Fig. 11, the TM delivery rate fell off
significantly at about 30% depl etion of TM charge.
Experinental details: 10Bubbler of Figure 11
(Conventional cylinder) Fill Wight 100 g TM n Length
to Equivalent D aneter: 2125 Total nunber of chanbers:
1 Testing Conditions: 15P = 360 Torr (480 nbar) T=25 C
N2 flow = 250 scan The above exanpl es very
convincingly illustrate thati3a bubbler having a ratio
of the length of the chanber or conbined | ength of

chamber s

connected in series with respect to the

di r ei%8MS5f f1ow of the carrier gas through the
chanber or chanbers, and the average di aneter
equi val ent of the cross section of the c&i\n‘oer or

chantler s Anbebhlerstor praviding Guyansrized Sompay

iny= 5EMiRgY yapor

rate of ABpNAMSH ipfGshsS ORRRBHYING: NG 4 DUBBIRFtHAbeP ZRBembl
ext ent notppossi bl e when the rdazbél?(}) is |l ess than about, Y

6: 1.

having an inlet and an outlet; a means for providing an inert
carrier gas to said compound connected to said inlet; (c) a means for
removing said vaporized compound and carrier gas from said
chamber assembly and conveying said compound to said chemical
vapor deposition process connected to said outlet; and (d)
temperature control means in which said bubbler chamber assembly
is placed that causes said compound to vaporize into said carrier
gas; said bubbler chamber assembly comprising two or more
chambers connected in series with the flow of said vaporized
compound and carrier gas altemating between up flow and down
flow between adjoining chambers in said series, all chambers being
in substantially vertical orientation, in which chamber or chambers
contain a solid source of said compound, the ratio between the
length of said chamber or combined length of chambers connected
in series with respect to the direction of flow of said carrier gas
through said chamber or chambers and the average diameter
equivalent of the cross section of said chamber or chambers with
respect to the direction of flow of said camrier gas through said
chamber or chambers is not less than about 6:1.

The bubbler of claim 1 wherein the total length of said chambers is
sufficient for said carmier gas to be saturated or near saturated with
said compound at said outlet of said bubbler chamber éssembly until
most of said compound is depleted.



CLAIMS: 1, A bubbler for providing a vaporized
conpound in a chem cal vapor deposition process
conprising: (a) a bubbler chanber assenbly having an
inlet and an outlet: (b) a neans for providing an
inert carrier gas to said conpound connected to said
inlet; (c) a neans for renoving said vapori zed
conmpound and carrier gas from said chanber assenbly
and conveying said conpound to said chem cal vapor
deposition process connected to said outlet; and (d)
tenperature control neans in which said bubbler
chanber assenbly is placed that ruses said conpound to
vaporize into said cattierqgns; said bubbl er chanber
assenbly conprising two or nore chanbers connected in

series wth the flow of said vaporized conpoun&ﬁ q
car r3.er Thepubbles ohalainmd a52twiesein ie eNAVPeE N IR ‘%rl? Bw

bet ween | @i ni ngﬁg it ' ' A the
chanber s@%gﬁﬁgéglgr% Su gﬁ%ﬁ‘%“?é%%??ﬁufg?i g%rtnati on,

i n whi cthoggentBler or chanbers !contain a solid source
of said conpound, the ratio between the |length of said
chanber or conbi ned | ength of chanbers connected in
series wwth respect to the direction of flow of said
carrier gas through said chanber or chanbers and the
aver age di aneter equival ent of the cross section of
sai d chanber or chanbers with respect to the direction
of flow of saki carrier gas through said chanber or
chanbers is net |ess than about 6:1. The bubbl er of
claim1 wherein the total length of said chanbers is
sufficient for said carrier gas to be saturated or
near saturated with said conpound at said outlet of
sai d bubbl er chanber assenbly until nost of said
conmpound i s depleted. 13a The bubbler of claim1 or 2
wherei n the chanbers in said bubbler chanber assenbly
are positioned at | east about 450 fromthe horizontal.
The bubbl er according to any one of the preceding

cl ai ms wherein the chanbers conprising said bubbler
assenbly have average internal dianeters of from about.
13 cmto about 7.6 cm 5. The bubbler according to any
one of the preceding clains wherein the chanbers
conprising said bubbler assenbly have the sanme or
different average internal dianeters throughout their

l ength. to6. The bubbl er according to any one of the
precedi ng clainms wherein said bubbler assenbly
conprises two or nore of said chanmbers in series with
connectors between chanbers in adjoi ning sequence
conprising tubes connected at each end with said
chanbers i n adjoi ni ng sequence, the connecti on between
said chanbers of 15 adjoining sequence and chanbers
of said connectors being mtered ratings. 7. The
bubbl er according to any one of clains 1-.5 wherein
sai d bubbl er assenbly conprises two or nore of said
chanbers In series with connectors between chanbers in
adj oi ni ng sequence conprising tubes connected at each
end wth said chanbers in adjoining sequence, the
connection between said chanbers of adjoi ni ng sequence
and chanbers of said connectors being rounded
fittings.
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25 The bubbl er according to any one of the preceding
cl ai ns wherein said bubbl er chanber assenbly conprises
two or nore chanbers connected in series with at | east
one of said chanbers conprising the annul ar space of
concentric chanmbers. 15 The bubbl er according to any
one of the preceding clains wherein said conpound
conpri ses an organonetal lic conmpound. 10. The bubbl er
of claim9 wherein said organonetal lic conpound is

sel ected fromthe group consisting of

trimethylal um num (TMAL), trinmethylgallium (TM3,
triethylgalllum (TEG, trikethylantinony (TMSb),

di net hyl

hydrazi ne (DWHy), trinethylindium(TM), and

cycl opet adi enyl magnesi um (Cp2Mg). toll. The bubbl er of
claim 10 wherein said organonetal lic conpound

conprises trimethylindi um and/ or

cycl opent adi enyl magnesi um 12. The bubbl er according

to any one of the preceding clains wherein said
conpounyl CaRBbUBKIEr dcdordity t dn¥ onblét thel pretading Glaiisivigein
to any one of the pr ecedl,n% cl ai rLs \éiher ein s'ai d
conpound cprhaekers cagriging said bubbler asgemblyfjave average
bubbl er of ifiérAalBidmetdialf &lom futi1.3ehi td acouTosiod.

conpri ses 20carbon tetrabrom de and/ or Haf ni um
Stetrachloride. 15. The bubbler according to any one of

and ¢ he buthy BRoaRRaRIdnd (BRI G blepSing cakft Whercin
g a; bIt gr f Iag‘themﬂambop} ¢dropisirigr saidybubtiier askemble heve the. sameeor
V\E orein a?@‘@@n{‘%\/eetrrg%éﬂiérﬁi ﬁiﬂQIIetérQ ?r?l?gg\%ﬁftjthgﬁ IRl B

car as 1s selecte e group

consi sting of hydrogen, nitrogen and the inert gases.

6.

The bubbler according to any one of the preceding claims wherein
said bubbler assembly comprises two or more of said chambers in
saries with connectors between chambers in adjoining sequence
comprising tubes connacted at each end with said chambers in
adjoining sequence, the connection between said chambers of
adjoining sequence and chambers of said connectors being mitered
fittings.

The bubbler according to any one of claims 1-5 wherein said
bubbler assembly comprises two or more of said chambers in
series with connectors between chambers in adjoining sequence
comprising tubes connected at each end with said chambers in
adjoining sequence, the connection between said chambers of
adjoining sequence and chambers of said connectors being
rounded fittings.

The bubbler according to any one of the preceding claims wherein
said bubbler chamber assembly comprises two or more chambers
connected in series with at least one of said chambers comprising
the annular space of concentric chambers.



-16- 17. The bubbler of claim 16 wherein said carrier
gas conprises hydrogen. 18. The bubbler according to
any one of the preceding clains wherein the inside
wal | s of said chanber or chanbers are corrugated or
contain baffles with the corrugations or baffles
substantially aligned perpendicular to the direction

of flow of said carrier gas, 19. The bubbl er

according to any one of the preceding clains wherein
sai d conpound conprises particles of a solid m xed

w th packing. 20. The bubbjser of claim 19 wherein

sai d packi ng conprises substantially spherica

particles or other shapes inert to said conpound and
carrier gas. 21. The bubbler of claim20 wherein said
spherical particles or other shapes conprise stainless
steel and/or gl ass balls/other shapes. 22. .A hubbler .
for providi M Bukbigsaccowingds 40 eRa ‘ﬁ?ﬁ“eam&ﬁ%‘?ﬁ'%gﬁ'“l?a‘g% .
deposi ti on 4i@esHso Bk drorghrdrmatallie oshmpound.
substantially as herein described with reference to

any one of Figures 2 to 8.

10. The bubbler of claim 9 wherein said organometallic compound is

5 selected from the group consisting of trimethylaluminum (TMAL),

trimethylgallium (TMG), triethylgallium (TEG), trimethylantimony

(TMSb), dimethyl hydrazine (DMHy), trimethylindium (TMI), and
cyclopetadienylmagnesium (Cp2Mg).

10 11. The bubbler of claim 10 wherein said organometallic compound
comprises trimethylindium and/or cyclopentadienylmagnesium.

12. The bubbler according to any one of the preceding claims wherein
said compound comprises a liquid
15
13. The bubbler according to any one of the preceding claims wherein
said compound comprises a solid.

14. The bubbler of claim 13 wherein said solid compound comprises
20 carbon tetrabromide and/or Hafnium tetrachloride.

15. The bubbler according to any one of claims 1-12 wherein said
compound comprises a liquid and the bubbler chamber assembly
allows for carrier gas to flow only up-flow through the chambers.

25

16. The bubbler according to any one of the preceding claims wherein
said carrier gas is selected from the group consisting of hydrogen,
nitrogen and the inert gases.
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17.  The bubbler of claim 16 wherein said carrier gas comprises hydrogen.

18. The bubbler according to any one of the preceding claims wherein the
inside walls of said chamber or chambers are corrugated or contain baffles with
the corrugations or baffles substantially aligned perpendicular to the direction of

flow of said carrier gas.

19. The bubbler according to any one of the preceding claims wherein said

compound comprises particles of a solid mixed with packing.

20. The bubbler of claim 19 wherein said packing comprises substantially

spherical particles or other shapes inert to said compound and carrier gas.

21.  The bubbler of claim 20 wherein said spherical particles or other shapes

comprise stainless steel and/or glass balls/other shapes.

22. A bubbler for providing a vaporized compound in a chemical vapor
deposition process according to claim 1 and substantially as herein described with

reference to any one of Figures 2 to 8.



